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(54) Title: ENZYMATIC PRODUCTION OF 7-AMINO CEPHALOSPORANIC ACID 



(57) Abstract 

An enzjonatic process for the produc- 
tion of 7-amino cephalosporanic add from ce- 
phalosporine C is disclosed. The process is a 
two-stage enzymatic reaction which can be 
performed in a single reactor. The invention 
further includes a mutant strain of Trigonopsis 
variabilis which produces increased amounts 
of D-amino acid oxidase, and a mutant strain 
of Acinetobacter spp,, which increased 
amounts of deacylase, which are enzymes ne- 
cessary for the present process. 
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ENZ YMAT I C_PRODUCT ION_0 F_7^AM INO 
CEPHALOSPORANIC_ACID 

ba ckgrou nd 

Many organisms produce chemical substances that are 
toxic to other organisms. An important class of these 
compounds are medicinal antibiotics produced by yeast 
fungi and bacteria, such as penicillin and streptomycin 
A major class of antibiotics is the cephalosporins 
Cephalosporins, such as cephalosporin C and its 
derivatives, including T-amino cephalosporanic acid are 
important antibiotics. Methods of preparing 
cephalosporin C and its derivatives have been described 
for example in U.S. patent 3.821.209; U.S. patent 
3.658.649.. U.S. patent A. 113. 941; U.S. patent 3.776.815- 
U.S. patent 3.725.400; U.S. patent 4.145.539 and U S ' 
patent 3.960.662. However, better and more efficient 
methods for preparing cephalosporins are needed. 

Summary of the Invetif^^r, 

The present invention is a fully integrated process 
for the enzymatic production of 7 -amino cephalosporanic 
acxd from cephalosporin C. and related compounds The 
process is a two step enzymatic reaction. The first step 
involves contacting cephalosporin C with an enzyme 
mixture comprising catalase and D-amino acid oxidase 
25 (DAG) to produce an intermediate, glutaryl 7-amino acid 
cephalosporanic acid. The second step involves 
contacting the acylated product wit:h a deacylating 
enzyme, thereby producing 7-amino cephalosporanic acid in 
high yield. The reaction is carried out under a 
30 pressurized oxygen atmosphere, thereby allowing both 



20 
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st:eps of t:he react:ion to be carried out in a single 
reaction vessel. 

The invention also relates to a mutant strain of 
yeast, which produces large quantities of D-amino acid 

05 oxidase, and a mutant strain of bacteria which produces 
large quantities of deacylating enzyme. The preferred 
mutant is a strain of Trigonopsis variabilis . which 
expresses D-amino acid oxidase at a level about 160 times 
greater than wild type strains. The mutant yeast cells 

10 can be utilized in the present process for production of 
7 -amino cephalosporanic acid. The preferred mutant 
bacteria is a strain of Acinetobacter spp . . which 
expresses deacylating enzyme at a significantly higher 
level than the wild type strain. 

15 The present process provides an efficient, 

single-vessel system for conversion of cephalosporin C to 
7 -amino cephalosporanic acid. 

Brief Description of the Figure 

The Figure depicts a flow chart showing the lineage 
20 of the improved strain of T. vari abilis. 

Detailed Description of th e I nventio n 

The production of 7-amino cephalosporanic acid from 

cephalosporin C is a two-step enzymatic reaction: (1) 

the first step involves contacting cephalosporin C with a 
25 mixture of catalase and DAO to produce glutaryl 7-amino 

cephalosporanic acid ( glutaryl - 7ACA) ; (2) the second step 

involves contacting glutaryl 7ACA with a deacylating 

enzyme to produce 7-ACA. 

In general, in prior processes the first enzyme step 
30 produces a reaction mixture: glutaryl 7ACA and a 

9-ketoacid intermediate with glutaryl 7ACA as the 
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predominant product. However, the a-ketoacid 
intermediate reacts poorly with the deacylating enzyme. 
To improve the reactivity, an additional chemical 
reaction has been employed: a trace amount of hydrogen 
peroxide was introduced to the first enzymatic reaction 
mixture and the hydrogen peroxide reacts with the 
a-ketoacid product non- enzymatically in an oxidative 
decarboxylation. As a result, glutaryl 7-ACA is formed, 
and. the overall reaction takes place and is driven to 
10 completion. 

The reaction solution is then introduced into a 
second enzyme reactor, which contains the deacylating 
enzyme, forming 7-ACA. However, before the second step 
can be performed, the hydrogen peroxide must be removed. 
15 The reaction solution must be exposed to a catalase 
enzyme to remove the hydrogen peroxide. 

The present process eliminates the need for hydrogen 
peroxide, thus, the entire reaction can be performed in 
one reaction vessel. This is made possible because in 
20 the present system, the first enzyme reactor is operating 
under an oxygen atmosphere of about 50 psig. or higher, 
and glutaryl 7-ACA becomes the dominant product. 
Therefore, the steps of adding hydrogen peroxide to the 
reactor effluent and then removing the excess hydrogen 
25 peroxide with a catalase reactor can be eliminated. 

Under an optimal operating condition for both enzymes 
(e.g., 25»C, pH 8.0 and under 50 psig pressure) and 
suitable dissolved oxygen required by D-amino acid 
oxidase, the present process allows these two enzyme 
30 reactors to be interacted into a single unit to and thus 
achieve a single step conversion of Cephalosporin C to 
7-ACA. (See Example 8) 
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Enz^me s 

The enzymes used in the present process are DAO , 
catalase and a deacylating enzyme specific for glutaric 
acid. 

05 can be found in several sources, such as molds 

(e.g. , Pen ic illium c hrysogenum , Penicillium roq ueforti , 
Aspergill us nige r , Neuro spora crassa ), bacteria (e.g., 
Aer obacter sp p . , B aci llus pro teus , Pseudomonas 
SS£21£iB£ s a ) yeast, (e.g., Trigonopsis variabilis , Candida 

10 ^y,P.Ej:£alis , Sac char om yces cereyi siae ) , mammalian organs 
(e.g., hog kidney, hog liver, rat liver) and rattlesnake 
venom. 

Yeast cells, such as Trigonopsis va riabili s (ATCC 
culture #10679) and the polyploid mutant of the present 

15 invention (see Example 1) are particularly useful sources 
of this enzyme. DAO cleaves the amino group of 
cephalosporin C. 

DAO is located in the microbody and cytoplasm of 
y^ast Trigonopsis variabilis . The enzyme can be 

20 ^^^^^^^^^ from the yeast cells by the following 

procedure:. The yeast cell wall is broken open by a high 
pressure homogenizer, and the clarified cell free extract 
is treated witb an inorganic salt (ammonium sulfate). 
The ammonium sulfate treated supernatant is fractionated 

25 ^^^^ ^ chromatographic column containing phenyl 

Sepharose. This crude enzyme is further purified with 
mild acid p3;ecipitation . At this stage, the specific 
enzyme ^ctivity is approximately 30 units per milligram 
protein. If further purification is required, an 

30 ^^^^^i°n chromatographic column containing DEAE 

functionality may be applied. This enzyme can then be 
immobilized on to a substrate, such as microporous 
membrane sheet stock, to form an enzyme reactor. 
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The enzyme catalase promotes the decomposition of 
hydrogen peroxide to oxygen and water. However, under 
high oxygen tension and accompanied with DAO as in the 
present process, catalase is also a promoter for the 
05 oxidative deamination of cephalosporin C to glutaryl 
7-ACA. Catalase is an enzyme present in many animal 
cells. In free solution, the reactivity of the 
DAO/catalase enzyme mixture increases significantly (at 
least 180%) compared to DAO alone. With immobilized 
10 enzymes (e.g.. an enzyme reactor) and under high oxygen 
tension (e.g.. 50 psig) . the reactivity increases at 
least ten to fifteen times. 

Surprisingly, when a reactor containing a 
combination of catalase and D-amino acid oxidase is 
15 operated with a high cephalosporin C concentration and 
under atmospheric pres.sure without exogenous oxygen 
diffused into the reaction vessel, the oxygen becomes the 
ix-iiting factor. Under this circumstance, the reaction 
becomes reversible and no product is produced. However 
20 when the same reactor is operated under atmospheric 

pressure with exogenous oxygen diffused into the reactor 
vessel, the reactivity improved and a small quantity of 
product is formed. To eliminate the limitation of 
dissolved oxygen available to the reaction, a pressurized 
25 reaction system is employed in the present process 

Under this operating condition, the dissolved oxygen is 
no longer the limiting factor and the reaction becomes 
dependent on the concentration of its substrate which is 
cephalosporin C. i.e.. the reaction becomes first order 
30 In comparison with atmospheric conditions, the reactivity 
of the reaction system under about 50 psig pressure 
increased eight to ten times in the initial production 
rate and four to five times in the overall reaction rate 
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The deacylating enzyme used in the second stage of 
the present process as an enzyme is expressed in a 
bacterium, Acinetobact er spp . This bacterium is a gram 
negative small rod of about 0.1 x 0.3 in size. 
05 Deacylating enzyme, also referred to herein as deacylase, 
cleaves the glutaryl side chain of the intermediate 
compound, glutaryl-7 amino - cephalosporanic acid (glutaryl 
7-ACA) , 

The deacylating enzyme is located in the cytoplasm 
10 of the A. spp- gram negative bacterium. Deacylating 
enzyme can be extracted from the bacterium by the 
following procedure: A cell paste made from the culture 
is suspended in a buffer solution containing 0.05 M 
sodium phosphate salt at pH 8.0. The cell wall is broken 
15 open by a hig]^ pressure homogenizer and the clarified 
cell free extract is fractioned and concentrated with 
treatment of ammonium sulfate. The protein concentrate 
is purified with a liquid chromatographic column 
containing DEAE. This enzyme is stable for at least six 
20 months in frozen condition. This enzyme solution can be 
immobilized on a substrate, such as silica impregnated 
microporous plastic sheet (MPS) stock to form an enzyme 
reactor . 

The reaction can be carried out at a pH of from 
25 about 7.5 to about 8.5. The optimal pH value for con- 
version is about 8.5. However, the biological activity 
of the glutaryl 7ACA and cephalosporin C are more stable 
below pH 8.0. .Thus, pH 8.0 was used in the present 
process as the operating pH value. 



Enzym e-producin g Muta n t Cells 

As stated above, DAG and deacylase are expressed by 
a number of cells from many different sources. In most 
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cases, however, the level c o-f 

. cne ieveis of the enzymes produced by the 

cells are too low to be practically useful. 

The present invention includes mutant cell lines 
which are capable of greatly increased expression of DAG 
and deacylase compared to wild- type cells. These mutant 
cells were produced by exposing wild-type cells to one or 
more mutagens under selected conditions and selecting for 
the surviving cells which showed increased production of 
the enzymes. 

A culture of yeast cells. I ri^ £ nofis i s_v a r i ab i 1 i s (T 
variabilis) a polyploid mutant, was treated with"! 
n.trosamine compound. The resulting mutant yeast cells 
produced levels of DAO significantly higher than the 
wxld-type cells, 

A culture of Acine tobacter_SHH^ (A. spp . ^ cells, 
vhxch produce deacylase. was treated with a nitrosamine 

to cause mutation. Mutant strains of A st^t, 

^, „ i-taiiis or A_5_s££^ produced in 

cms manner expressed deacvlase ai- 

n , "eacyxase at signxf icantly higher 

levels than wild- type A. snn . ^ 

Th e Enzy me R eactors 

enzvmes' ""'"^ "^^^^ immobilized 

ZZl l: ^^^'^^ reactors. The enzymes are generally 

xmmobxlized on a substrate, such as a plastic or cloth 
support, or. under some conditions, can be free in the 
reaction solution. Microporous plastic sheets (MPS) are 
particularly useful supports. However, other support 
material, such as cotton cloth, can also be used 
Microporous plastic sheet (MPS) is a silica 
polyvinylchloride composite in sheet form which can be 
molded into cartridges of different diameter. MPS can be 
derxvatized with polye thleneimine and glutaraldehyde 
The derivatives MPS (PEIGLUT) can react with the amino 
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groups of protein. It has a large surface area per unit 
weight and can react with protein up to 10% of its own 
weight. 

A polyetheneimine- glutaraldehyde derivatized MPS 

05 cartridge (Amerace) is used in the present process for 

the immohilization of the enzymes. The enzymes, or whole 
cells which produce the enzymes, can be immobilized on 
the supports. For example, DAG can be immobilized on the 
support, or a DAO-producing cell, such as the mutant 

10 strain of Triggnopsis variabilis described above, can be 
immobilized, which will produce DAG in the reactor. 
Approximately 7 grams of protein are immobilized on 100 
grams of the activated MPS. To immobilize the enzymes or 
cells, a solution which contains a buffer, such as 0.05 M 

15 sodium phosphate salt at a neutral pH . (e.g., pH 6.0) and 
a specific enzyme or cell suspension, is passed through 
the activated MPS at 25'C for two hours or until all of 
the protein is bound to the MPS, whichever comes first. 
The MPS is then washed with buffer. The reacted MPS is 

20 then washed with a 0.5 M glycine solution to. cover all of 
the unreacted aldehyde sites. After further washing with 
sodium phosphate buffer, the reacted MPS is ready for the 
enzymatic reaction . 

P rocess Steps 

25 The process of the invention is carried out in a 

single reactor vessel. The enzymes are immobilized on 
the appropriate support, and contacted with a starting 
material, cephalosporin C, 

In a preferred case, a solution of cephalosporin C 

30 is used having a concentration of about 1.0 g/liter, and 
a pH of from about 6 . 0 to about 8.5. The particularly 
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preferred pH is about 8.0. The cph.losporin C ts 
dxseolv.d 1„ e buffer, such .s TRIS buffer. The 
cephalosporin C solucicn is first contacted with the 
..Bobrli.ed DAO/catalase euzy.es, where cephalosporin C 
OS beco... oxidized and dea.inated, to for. .lutar, 

The glutaryl 7.ACA product of the first step is then 
contacted with the second i.„obili.ed enzy.e . de.oyla.e, 
T.::l conversion to the desired prodLt 

The reaction is carried out ^ - 
u ^ «»ii.iea out at a temperature of from 

.out ao to about SO-C, preferably at a te.per.ture of 
fro. about 25-c to about 35-c. The pH range cf tb. 
r.ectron can be fro. about 6 . 5 to about 9.0. preferably 
15 about 8.0. The reaction is carried out under a 

pressurised oxygen at.o.phere, c.usin, oxygen to dissolve 

.he oxidation of cephalosporin C. A pressure, or oxygen 
tension, of about .0 psig is particularly effective if 
20 present reaction. 

s„^- '° «>">■>"»'>'>= of the present Invention, 

odru. borohydride is added to the reaction .ixture 

il!oT, half-life Of the 

iMobiirzed DAO enzy.e in the reaction 

" duct """ T""""' """" '"icient pro- 

duction Of 7-a.ino cephaXosporanic acid in high yilld. 

cephalosporins are closely related to penicillin. 
These expounds are useful as an anti.icrobi.l agents for 
Ph.r.aceutic.l and ..dioal applications. rhe present 
30 process can be used to produce . cephalosporin 

derivative. 7-ACA. in high yields which can be the basis 
tor a new series of effective drugs. 
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7-ACA is a major ingredient, or intermediate, for 
all the third and fourth cephalosporin family antibiotics 
including cephalexin, cephaloglycin, cephalor idine , 
cephalothin, cefaclor, and cephamandole . In the past, 

05 most of the 7-ACA production utilized or employed a 
chemical process using some toxic chemical under an 
extreme process condition. For the environmental aspects 
and economical aspects, there is a trend to utilizing a 
biocatalyst to replace the existing chemical process. In 

10 order to produce 7-ACA, the alpha amino adipic acid side 
chain must be removed from the cephalosporin C molecule. 
This side chain is too long for most enzymes to react. 
The present process utilizes a two-step enzymatic 
process; however, since process conditions are very 

15 similar for both enzymes, both steps can be combined in 
one and becomes a single step process. 

The invention is illustrated by the following 
Examples, which are not to be taken as limiting in any 
way . 



20 EXAMPLES 

Exam£le_l_^ Polyploid mu tation f or_ Trigo nops is variabi lis 

Trigonopsis variabilis polyploid mutant was derived 
from the wild- type T_. variabilis, as shown in the Figure 
and described . below . Wild type cells were treated three 

25 times with 0.02% camphor and/or camphor analogues 

(camphor carboxylic acid and camphor sulfonic acid) for 
48 hours. The treated microorganisms were cultivated in 
YM agar plate for three days at 30* C. A group of fast 
growing, and also largest in size, single colonies were 

30 found. These colonies were then individually treated 
with N-methyl-N' -nitro-N-Nitrosoguanidine (NTG) for 
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further mutation. 0.25 msr NTr/mi 

.^j mg MTG/ml culture was added at a 

temperature of Q-c for An - 

^, lor 4-0.60 minutes). 

A series of T va>-4=v»ii • 

. A^-Z££iabilis polyploid mutated single 

colonres were isolated and cultured u-.i. 
05 of modified culture . cultured. With a combination 

the D " fermentation conditions 

the D-am.no acid oxidase activity which was expressed ;n 
the mutant Trieonopsis vai-l«K4T ''Pressed m 

e — tiliis IS variabilis were increacoH 

national units/ml. inter- 
10 Ih, i„p„ved s«.l„ ,f Trl^E3ls_varlabilia 

^he African Type Culture Coll.ctlon. a. aTCC Ho. 2olT^. 

f^if*^-B^S-2i_t^2n^H^l^^ 

oxidase^ 



tran T '"^'^ "^"^ t:rigonopsis variabilis was 
transferred to a 100 ml culture br«i-K 

extract. 5 ; extract 5 ^^^^T'^' "^"^ 

.lucose 10 g/l (YH medium) The i^tu 

30-C for K„ mixture is incubated at 

tor 24 hours and transferred to a 500 ™i 

fr.ahly grown l.oculu. la th.„ transferred to I' 
£er,.e„tatio„ „ediu. which contain, aolulya blotl „, 
"ethlonlne. thiamine, urea and certain 1 ' 
25 The .edi„. recipe is Hated T, ^""rganlc aalt. 

-mtalned at 30-0 Lr : .o Is h"' ^ = 

aso.aoo rp., a„d .oder«e"erL 

" The dla.olved «! "'"^"-^/-^n 

tor the first 12 ho "«^ntal„ed above 50% 

30 the .rowth eaohes "It'" ^"""^"^ "»en 

value Of the cu^tLe ' " '"""0 P« 

-rn to dar^ brol ThTe"" '"^*"' = ' " 

o»n), the enzyme expression reached the 
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highest at 36 


hours after 


inoculation. This 60 liter 




fermentation produced approximately 1730 grams of packed 




wet cells and 


900,000 lUs 


of D-amino acid 


oxxdase . 




Fermentation medium for triaonoosis variabilis 




05 


Medium No. 1 










• 


gm/llter 




om/liter 




KH2PO4 


4 




1 
I 




CaCl2.2H20 


0.5 


n3DU3 


0.1 




(NH4)eMo024 


0.04 


MnoU4.4n2U 


0.04 


^ w 


2nS04.7H20 


0.04 


CUSO4.5H2O 


0.045 




FeSO4.7H20 


0.025 


DL Methionine 


2.67 




Biotin 


0-02 


Thiamine 


0.0001 




Glucose 


20 


urea 


2.5 




Mazu df 285 (antifoam) 


1 ml 




1 c 

15 


Medium No 2 










* 


gm/liter 








KH2PO4 


4 


Urea 


1 




MgS04-7H20 


1 


DL Methioine 


3 




Soiulys 


7.5 


Biotin 


0.02 


20 


GlLx:ose 


1 5 


sucrose 


1 0 




Mazu df 285 ( antifoam ) 




1ml 




pH adjusted to 5.6 before sterilization 






Example 2: Isolation and 


:purif ication of 


D- amino acid 




oxidase 


• 






25 


1730 grams of cells prepared as described in Example 




1 were resuspended in 7.7 


liters of 0.01 M 


of pyro- 




phosphate, 0.01 EDTA at pH 8.0. The ce.ll 


suspension was 




passed through 


a high pressure homogenizer 


(manton-Gaulin 




homogenizer @ 


11,000 psi) 


three times . At 


this stage, 
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260.000 uni.s of D-a.i„o acid oxidase were recovered 

!iL^ss^'"' - (^.3 liters) was then .ixed 

^th 1553 grams of ammoniun. sulfate for about 60 to 90 
-nutes. A Sharpies centrifuge separated the precipitate 
05 and supernatant. The clarifi«.H cxpitate 
was ntit- . clarified supernatant (9.3 liters) 

was put onto a phenyl Sepharose liquid chromatographic 
column which was equilibrated with 1 2 M « ^rapi^^c 
sulfate TH« ammonium 
xiace. The enzyme was eluted with O m m 

buffer With 0.001 „ EDIA pH 8 3 The ^7°'"'"'>-" 
in of n,. °° result: 58.5% 

10 of the e„.y.e ectlvlry ,as recovered. The pooled 

rl^verrd""" """^ ''"^ " pH 5 . 2 . The 

I 111'" ' ""'^'^ " P« 

Tcid ".000 1„ Of 



Example 3: 



Mutation of Aci neto bact:PT-_cj,j^ 



spp (a""'' negative bacteria. Acinetobac ter 

_£2^ (A^_SE£^). utilizes glutaric acid as Its . 
20 source anri ^ as its sole carbon 

wucce and produces 0.005 to O m 
deacvl-o international units of 

aeacylase per milliliter. 

nltro^"' """" "-"ethyl-K.-nitro-B- 

To :::r:f"::jT^ «Kyi„erh„e»uif„„.re. Th! 

W4.v»s or ttixs treatment were n o « 
=5 for 10 „ 50 „l„„re.. The en.;" l^^J^^ J:^^' "'^ 
..creeeed fro. Cwlld-r.pe, 0.005 - 0.0^ XOeA^.To^^"" 

The improved strain of a sdh rf» - 
YS114 u ^^S.RR^. designated A. spp. 

has been deposited with t>,* a - 

30 CollectioT, ..... American Type Culture 

uoxxection as ATCC No, 53891. 
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Culture of deacylatin^ enzyme producing bacterium 
A single colony of YS114 strain was transferred to 

100 ml of culture medium at 25 for 24 hours. The 

inoculum medium formula is listed below: 

05 The formula of inoculum culture medium for yS114. (YM 
medium) 

Becto Peptone 10 g/1 

yeast extract 2 g/1 

beef extract 5 g/1 

10 NaCl 5 g/1 

glutaric acid 1 g/1 at pH 7.0 

The fermentation medium formula is listed below: 

The formula of fermentation medium for YS114 
Medium No. 1 

15 proflo 10 g/1 

yeast extract 5 g/1 

solulys 2 g/1 

glutaric acid l g/i 

NaCl 5 g/1 

20 glucose 10 g/1 at pH 7.5 

Medium No. 2 

yeast extract 2 g/1 

KH/PO^ 1 g/1 

solulys 2 g/1 

25 Mono sodium glutamate 2 g/1 

NaCl 5 g/1 

Atgel 200 20 gl at pH 7 . 5 



t 
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A 550 liter fermenter was used for the enzyme 
production. A 10 liters inoculum was used and the 
fermentation was operated at 25»C with moderate air (2 
1/1/m) and high agitation (400-600 rpm) . The dissolved 
oxygen levels was maintained at or above 50% of 
saturation. pH was not controlled throughout the run. the 
PH value eventually rose to 8.5. The culture was 
fermented for 30 hours and the enzyme expression attained 
400 international units per liter of broth 

Approximately 2527 international Units of enzyme and 5500 
grams of cell paste were recovered from a sharpies 
centrifuge . 

*Internationa unit rTTT^ « ««« 

unic ^iu; - one micromole of 7 aCA 

produced per min at 37'C at pH 8.0 

15 l5ainBle_.4^_X3olatio^^ deac^latin. 
enzyme 

2 6 kilograms of packed A^e^^ cells prepared as 
described in Example 3 were thawed at room temperature 
overnight and suspended in 2 . 6 liters of 0.1 M sodium 

20 Phosphate buffer pH 8.0. The suspension was mixed with 
an additional 6 liters of buffer, and passed through the 
high pressure homogenizer three times, and a clarified 
supernatant was recovered. At this stage. 11.5 liters 
and 1132 lUs of deacylating enzyme activity were 

25 recovered. 1171 grams of ammonium sulfate were added to 
the solution, mixed for 60 minutes, and centrifuged with 
a Sharpies centrifuge. The supernatant and an additional 
^021 grams of ammonium sulfate were added After 
centrifugation. 522 units of enzyme were recovered. This 

30 protein precipitate was dissolved in 0.05 M sodium 

Phosphate buffer at pH 8 . 0 and dialysed with the same 
buffer overnight. The enzyme solution was then 
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fractionated with a DEAE liquid chromatographic column 
and eluted with a 0 to 0.3 M NaCl linear concentration 
gradient. The enzyme peak was eluted at 0.1 M NaCl salt. 
At this stage, 4.7 grams and 426 international units 
05 (0.089 lUs/mg protein) of deacylating enzyme were 

recovered. The enzyme was stored frozen at -20*^0 and was 
ready for immobilization. This preparation was stable 
for six months. 

Examp le 5: En z yme I mmo biliz ation ' 

1 0 Immobilization Method for D-amiTio Acid Oxidase 

300 ml of D-amino acid oxidase (DAO) solution (7140 
lU, 900 mg) were passed through a 0.5 inches thick (23 
sheets @ 47 mm in diameter) activated MPS. The DAO 
solution was recycled at 6 ml/min for 2 hours. 90% of 

15 the enzyme was attached to MPS. The excess aldehyde 

sites of the reactor were quenched with 0.5 M glycine in 
0.05 M TRIS buffer pH 8 . 0 and was stored in 0.05 M TRIS 
buffer at 4*0. Tl^is reactor was subsequently used for 
ceph C/.glutaryl-7-ACA conversion study. 



20 



30 



Imiaob illzatio n method for D-aml no aetd oxidase and 
catalase 

•I ^ 



770 milligrams of DAO (30 lU/mg from ex 1481 and 5 
mg/ml DTT) and 10.2 mg catalase (sigma C30, 22,800 lU/mg) 
were imaobilized on 9600 mg (0,5 inches thick. 24 sheet @ 
25 47 mm in diameter) of PEI/GLU activated MPS. The enzyme 
solution was passed through the reactor three times at 6 
ml/min. The excess aldehyde sites of the reactor were 
quenched with additional 300 ml of 0.5 M glycine in 0.05 
M TRIS buffer at pH 8.0. The reactor was then washed 
with 0.05 M TRIS buffer at pH 8.0 and stored in 20 ml of 
same buffer containing 10 Mg/ml of gentamycin. The 
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15 



20 



25 



30 



efficiency of immobilizat-i 

total of 2067n ^^'^^^^^^^ ^" approximately 89% with a 
total of 20670 unxts of D-a.ino acid oxidase immobilized 
onto the reactor (860 units of D 

^ , "nics ot D-amxno acid oxidase uer 

sheet of MPS). 

A FEI/GLU activated module with i o ^ — 

^ *"""uie witn 12 sheets of MPS rA7 

mm diameter and 4800 . ^ 

ana 4800 mg) was used. no milliliters of 
enzyme II solution rn o ^ J-J-iters of 

oi u.:) M glycine in 0.05 M TRTs K,,*r^ 
4r -1 -I -v/.^ « iKib buffer at pH 8 0 

Afcer .ash.ng. ^^^^^^ 

or J31 mg of protein and 19 int*.-rr, = *-* 
.et.ched o„co Che reactor 84 5! """""-^ 

cacned (1.S6 lUs per sheecs of MPS). 
IiaSEle_6^.Effeot_2f^H_I^^ 

Ill£ZSe_ Ac tiv ity £-iHssure_on 

^££-£l_£H_of_ceHhalosHorin_C_^ the reactivl.. ^ 
immobilized enzvmes n - iZiEZ_0£ 

Th . ^~^--^^iS£-^£id_ oxidase Zc a t a 1 a s e 

. , . studied using a cephalosporin C 

"lutxon „i.h a ccncenrra.io. of l.o .ra.a/L»" A 

and PH was adjusted to 6.0. 7.0 and 8 0 E.^y. 
«P..Xoapor.n C solution .as passed hroug^ L :::t" ^ 
containing the i.„.hlUz.d en.y„es in a sflle 
" > ^at. Of . J^^^^^ uf d'CHh'tt 

appropriate huffer solution prior to the e.periJt 
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These experiments were run at room temperature and at 
atmopheric pressure. The optimal pH is at 8.0. 

Tab le I 

EM relative REA CTIVITY 

05 6.0 75% 

7.0 85% 

8.0 100% 

Effect pf operating temperat ure vs rea ctivity of 
immobiliged enzyme D-amino acid oxidase 
The effect of temperature on D-amino acid oxidase 
was studied at several operating temperature conditions. 



10 



The reactor vas operated in a water bath which is set at 
20, 25. 30. 35. 40. 45 and 50" C. The operating parameter 
run at 2 ml/min, pH 8 . 0 with a cephalosporin C 
15 concentration of 1 gm/liter. The reactivity reached its 
maxiumum at 45«C, however, the reactor has a similar 
performance between 30 and 45»C. The results from the 
temperature study are shown in Table II: 

Table II 

20 TEMPERATHRE_1C % RELATIVE REACTTVTTV 



20 
30 
35 
40 

25 45 

50 



65 

92 

94 

95 

100 

82 
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lfiect_of_substrate_EH_vs^ 
i5»S£bili^ed_enz;jrnje_deac^ase 

The effect of pH on deacylase was studied using a 
d.lute substrate, single pass .ode of approach. A stock 
solution Of 5.55 g/1 of glutaryl 7-ACA was .ade and 100 
^1 al.quots were divided and pH adjusted with IN NaOH to 
the following values: pH 5.0. 7.0. 7.5. 8.0. 8.5 and 

In en.r " -^-t:rate was then pu.ped through 

an eneyee II .eactor in single pass »ode at a rate of 2 
»l/.xn With a peristaltic pu.p . The experiment was run 
at room temperature and at atmospheric pressure 

AS xt can be seen, the optimal pH for the conversion 
Of glutaryl 7ACA to 7ACA by using enzyme II is 
approximately 8.5. The relative reactivif 

PH levels are shown in Table HI.- " various 



Table III 





RELATIVE I 


5.0 


57% 


7 . 0 


58% 


7.5 


66% 


8.0 


76% 


8.5 


100% 


9.0 


98% 



gffect_of_oEerating _temp eraturP, .r. 
i^a2^^ed_en2i:me_D.amino_acid oxidase 



tl olZl 7'"""' "«P.r.t„„ condition.. The ..ac«. 
«.s op.rat.d x„ a water bath which Is set at 20. 25 30 

35. 40, 45. 50. 55 and 60-C The on...., 

ine operating parameter was 
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set at 2 ml/min pH 8.0 with a concentration of glutaryl 
7ACA at 0.45 gm/liter. The reactivity reached its 
maximum at 45'*C, however, the reactor has a similar 
performance between 35 and 45**C, The result from the 
05 temperature study is shown in Table IV: 

Table IV 

TEMPERATURE" C % RELATIVE R EACTIVITY 

20 -73 

25 75 
10 30 " 83 

35 92 
40 97 
^5 100 
50 87 
15 55 84 

60 62 
Oxygen tension vs reactivity of both enz y me reac tors 
This experiment demonstrated the effectiveness of 
dissolved oxygen In the de-amination reaction of 
cephalosporin C to glutaryl 7-ACA. The reactor was 
operated under a 50 psig pressure with pure oxygen 
diffused into the reaction vessel. The cephalosporin C 
solution, 51.3 to 64.5 g/1 in concentration, pH 8.0, was 
pumped through the reactor in a recycled mode. This 
25 reactor demonstrated a high initial reaction rate of 19.6 
gm of glutaryl 7-ACA produced per minute per sheet of 
reactor and overall rate of 8.4. Compared with the 
reaction operated at atmospheric pressure with pure 
oxygen diffused into reaction vessel, the reaction rate 



20 



X 
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reduced to a range between 1.7 to 2.3 gm of glutaryl 

7-ACA produced per minute per sheet of reactor. The 

reactivity was similar between the initial and overall 

production rate. The comparison of these studies is 

ixsted in the chart shown as below. Furthermore, not 

only the reactivity was improved significantly, the 

reaction product also improved to the extent that 

glutaryl 7-ACA becomes the dominant product, as shown in 
xaole V : 



10 Table V 



RATE (mg glutaryl7ACA produced/mln/sheet of MPS) 

0 PSig^ 0psig3 



Minutes go psigl 

20 



40 

15 60 
80 
90 
120 
180 



19.6 
13.4 
11.3 
8.4 
njd. 
n.d. 
n.d. 



nxi. 



nxL 
n.d. 



^•^ 1.55 

njd. 



2.6 
2.65 



1.60 



1.75 



Jop.r.t.d at 30 psig. p„ 8.0 .„a flow r.« of 6 

Sheets reactor. 

^Operated at atmospheric pressure. pH 8 . 0 and 6 ml/min 
One sheet reactor. 

^operated at atmospheric pressure. pH 8 . 0 and 14 ml/min 
4 sheets reactor. 
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£2Eam£le_2i. £oa^moB-gILd_r esul t: of enzyme rea ctor o f 

^amin o acid oxidase /catalase , under 50 psifi oxy^en 
tension 

19-35 grams of purified cephalosporin C (Lot number 
235CX6) were dissolved in 300 ml of 0 . 15M TRIS buffer and 
pH was adjusted to 8.0 with 0.1 N NaOH. Cephalosporin C 
solution was pumped through enzyme reactor I 
(DAO/catalase) and recycled at 6 . 0 milliliters per 
minute. The whole system was under a 50 psig pressure 
pure oxygen enriched environment. * Within 80 minutes, all 
of cephalosporin C was converted to a-keto acid (14.88 
gm/1) and glutaryl 7-ACA (52.6 gm/1). A production rate 
of 197 mg glutaryl 7-ACA per minutes (8.2 mg/min/sheet of 
reactor) with, a 90,6% of product recovery (molar ratio) 
15 was achieved. Under the oxygen enriched environment, the 
oxygen becomes abundant, this reaction becomes first 
order. The results are shown in Table VI: 

Table VI 



10 



REACrrOR ONE UNDER 50 f=SIG 0)CYGEN PRESSURE 



25 



TIME 


pH 


CB^C 


CEPHC 


dketo 


GL7ACA 


MOLAR 


Minutes 




all 


utilized o/l 


sui 


Sill 


RBCOVBHY 


0 


8.0 


64.5 


0 


0 


0 




20 


7.7 


28.3 


36.2 


14.3 


31.4 


96.4% 


40 


7.3 


12.3 


52.2 


14.2 


42.8 


91 .3% 


60 


7.25 


4.3 


60.2 


14.6 


54.4 


93.7 


80 


7.1 


0.0 


64.5 


14.8 


52.6 


90.6% 
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C£adition_and_result_of_en2 yine reactor o f n-.n,,-.,^ 
^cid_oxj^ase^under_atino£her^^ oxygen pres s ur e 
2.04 grains of purified ceph C (Lot number 234CX6) 
were dissolved in 50 of 0.15 M TRIS buffer. pH 8 0 

05 The pH of dissolved ceph C solution was adjusted to 6 7 
with 0.1 N NaOH. Ceph C solution was pumped through 
enzyme reaotor 1 at 10.0 milliliter per minute while pure 
oxygen is bubbling through a sparger into the reaction 
reservior. Under this low oxygen tension, the reactivity 

10 of the reactor was about one fifth of the reactivity 

under high oxygen tension at 50 psig as listed in Example 
7. The production of this experiment is approximately 
6.4 mg glutryl 7ACA per minutes (1.6 mg per minutes per 
sheet of reactor) with a product recovery (molar) of 

15 78.0%. as shown in Table VII: 



Table VII 



25 



ATMOPHERIC 0)CY(3EN PRESSURE 



TIME 


cephC 


oeohC 


dketo 


GL7ACA 


minutes 


an 


Utilbpri qfl 


flZi 


fill 


0 


40.1 


0 


0 


0 


30 


33.2 


6.9 


3.2 


3.6 


60 


23.8 


16.3 


6.2 


7.4 


120 


17.1 


23.0 


12.0 


15.3 


180 


5.5 


34.6 


20.2 


25.2 


210 


1.9 


38.2 


17.4 


26.8 



molar 



80.9% 
78.0% 
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C onditio n of chemical reaction for ^lutaryl 7- ACA 
6.0 milliliters of 3.0% hydrogen peroxide solution 
were added to the product solution from the previous 
experiment (a mixture of a-keto intermediate and glutaryl 
05 7ACA) for two hours at 25**C. All the 5-keto acid 
converted to glutaryl 7-ACA. A final glutaryl 7ACA 
concentration was analyzed to be 25.9 grams per liter. 

Oogdition and result of enzym atic react ion fo r 
deacvlase 

115 ml of glutary 7ACA solution (25.9 gm/1, 3 grams) 
was passed through to enzyme reactor II (deacylase 
immobilization 35 sheets of MPS @ 47 mm in diameter) at a 
flow rate of 6 milliliters per minute. The pH of the 
substrate was adjusted to 8.0 manually. The reaction was 
15 run for four (4) hours with a production rate of 5.8 mg 
of 7-ACA per minute. 1.4 grains of 7-ACA was recovered 
after the reaction terminated. The molar product 
recovery of this reactor was 75 to 83%. 

Example 8; Single s tep_co nversion of Cephalosporin C to 

20 7 AC A 

A single step conversion of Cephalosporin C to 7ACA 
was achieved using the following enzyme reactor 
configuration. An enzyme 1 reactor (5 sheets of 47 mm 
diameter containing a total of 3450 units D- amino 

25 oxidase) was f^Sllowed immediately downstream by an enzyme 
2 reactor composite (24 sheets of 47 mm diameter 
containing a total of 31 international units deacylating 
enzyme). 300 ml of ceph C solution, 6.6 g/1 in 0.1 M 
TRIS pH 8.0, recycled through this system at a rate of 

30 4.4 ml/md.nute.' The entire system was pressurized under 
50 psig oxygen. The results are shown in Table VIII: 
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Table VIli 



Timp/rt^jn) 
0 

30 
05 60 

90 
120 
180 
240 
10 300 
360 
420 
465 



15 



25 



Ceph r.{Q f\) 

6.6 

6.3 

5.36 

4.15 

3.94 

2.85 

1.97 

1.85 

1.45 

0.90 

0.75 



alDha-kPtnfq^l) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



0 
0 

0.07 

0.18 

0.30 

0.46 

0.50 

0.51 

0.41 

0.29 

0.23 



'Mam 



0 

0.03 

0.1 1 

0.23 

0.37 

0.70 

1.0 

1.53 

1.70 

1.80 

1.89 



After the substrate was recycled for 7.75 hours the 
substrate was removed. The reactor was flushed wxth'95 
ml of TRIS buffer 0.05 M pH 8.0. A total of 10.45 mg 
ceph C. 30.4 mg glutaryl 7.ACA. and 123.5 mg 7.ACA were 
recovered. The overall production rate of 7-ACA was 1 49 
mg/min with an overall recovery of 62.9%. No alpha-Ueto 
20 intermediate was detected. 



££-D^ Ainino acid oxid ase 

Bond stabilization between the enzyme and support 
was attempted by using a treatment of glutaraldehyde 
followed by sodium borohydride. Glutaraldehyde was used 
to attach enzyme to any possible pendant PEI group 
sodium borohydride was used to reduce Schiff bases formed 
by the aldehyde -to -amino linkage, thereby, saturating the 
bond and protecting it from attack 
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# 1765B #_ 18 16C 

untreated Glu-NaBH 



10 



A 



Projected 12 hours 130 hours 

half life 

05 Glutaryl-7ACA made 5.8 mg/IU 44 mg/IU 

mg/IU in first 1/2 
life 

Example 10: Deac yla se glutar aldehyde fixed cells 

To 10 grams of Acinetob ac t er sp p , cell paste (20 
hours harvest) 80 ml of pH 8.6 saline was added. Then 
25% glutaraldehyde was added to the solution to make a 
final concentration of 1%. pH was adjusted to 6 . 5 and 
the mixture was allowed to sit or stirred slowly at room 
temperature for one hour. The cells were spun down and 
15 washed twice with 0.1 M phosphate buffer and resuspended 
in the same buffer. Before fixation, the enzyme activity 
was 726.5 lU/ml ; after fixation the activity was 704.5 
lU/ml , showing a 3% loss in activity. 

Cells suspended in 80 mis. of glutaryl - 7ACA solution 
20 (35 g/1 pH 8.0). The pH was adjusted to pH 8.0 
periodically with 10 N NaOH. 

Projected half life is 170 hours (based on assayed 
activity of cells). 

Total 7ACA made during the first half life of 
25 reactor 5.95 grams. 

Average rate is 0.516 mg/hr lU . 

7ACA made mg/IU in first half life equals 104 mg/IU. 
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Ejtam ple 11: 
cloth 



I mmobi 1 i z ed_T^_vari ab 1 1 i s cel ls on cotton 



Two samples of T^variabilis 33187 were treated as 
follows: 25 grams of cell paste with 3% ethyl acetate 
for 20 minutes. The cell mixture was spun down and the 
supernatant was removed. Both samples were resuspended 

100 mis. each of 0.05 M phosphate buffer. pH 8 . 0 . The 
samples were passed once through a 4.9 gram stack of 
polyethyleneimine glutaraldehyde derivatized flannel 47 
»m X 1/2" thick, packed into the reactor cartridge shell 
and fixed with 2% glutaraldehyde for 2 hours. The 
samples were then flushed with the same buffer The 
binding capacity was 4.55 of whole cell and 10 g of 
minus-extract cell. Testing conditions were 50 psig 0 
22 ml/^i„ flo„ cephalosporin C concentration 40 

g/1. Results are as follows: 



Whole cell 



Projected half life 



200 hrs. 



465 hrs. 



20 



Glutaryi-7ACA made 5.2 gnvgm ceil 
during first 1/2 life 



8.24 gm/gm cell 



Ave. rate when new 



1 .3 mg/min gm 



1 .4 mg/min gm 



25 



A life study was run with a pair of D-amino acid 
oxidase reactors at AO grams/liter Cephalosporin C at 
ps.g O2 and 22 ml/min flow rate. Reactors were run 
overnight in a batch recycle mode and washed with an 
PAD-Mercaptoethanol reducing cocktail every 24 hours 



50 
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E qulvalents 

Those skilled in the art will recognize, or be able 
to ascertain, using no more than routine experimentation, 
numerous equivalents to the specific substances and 
5 procedures described herein. Such equivalents are 

considered to be within the scope of this invention, and 
are covered by the following claims. 
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ANNEX H3 



tme re iflenel ApplteMen No: PCT/ 



MICROORGANISMS 

1^ 30 



American Type Culture Collection 



•I tf apoi lta ry li» m iiMtn (inciutf ing ptHM cod* sni 

12301 Parklawn Drive 
Rockville, Maryland 20832 
United States of America 



04 "aPRIL 1989 

104,04.89^ 



53891 



B, ADOmOMAk •MOtCATIOIIS * Omv* Mwifc H net anpllcaM*). This mistwilsii Is csMifittSd wi a 



□ 



In respect of those designations in whlcii a i:.uropean ratenc is sougm 
the Applicant hereby informs the European Patent Office under 
European Rule 28(4) that, until the publication of the mention of 
the. grant of the European Patent or until the date on which the 
European Application has been refused or is withdrawn or is deemed 
to be withdrawn, the availability of the biological material deposited 
with the American Type Culture Collection under Accession No, 53891 
shall be effected only by the issue of a sample to an expert 
nominated by the requester in accordance with European Rule 28(5). 
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7. 



CLAIMS 



1. A process for producing 7-ainino cephalosporanic acid 
comprising the steps of: 

a. contacting cephalosporin C with catalase and 
D-amino acid oxidase under conditions 
sufficient to cause deamination of 
cephalosporin C. thereby producing glutaryl 
7 -amino cephalosporanic acid; and 

b. contacting the product of step (a) with a 
deacylase under conditions sufficient to 
produce 7-amino cephalosporanic acid. 

2. A process of Claim 1, wherein the D-amino acid 
oxidase is derived from T. variabilis , 

3. A process of Claim 2. wherein the I^variabilis is 
Strain ATCC 20931. 

4. A process of Claim i, wherein the deacylase is 
derived from Acinetobacter spp . 

5. A process of Claim 4. wherein the Acine to bact..^ 

is strain ATCC 53891. ~ 



* 



A process of Claim 2. wherein the D-amino acid 
oxidase is immobilized on a support. 

A process of Claim 4, wherein the deacylase is 
immobilized on a support. 
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8- A process of Claim 1, wherein the conditions 

sufficient to cause deamination of cephalosporin C 
comprise a temperature range of from about 20*C to 
about 45'C, a pH of from about 6.5 to about 8,5, and 
an oxygen tension of about 50 psig. 



9. 



10 



12 



A process of Claim 8, wherein the temperature is 
from about 25*C to about 35* C, the pH is 8.0, and 
the oxygen tension is about 50 psig. 



A process for producing 7 -amino cephalosporanic acid 
comrpising: combining in a reaction vessel 
cephalosporin C, catalase, D-amino acid oxidase, 
oxygen and deacylase under conditions sufficient to 
produce 7-amino cephalosporanic acid« 

11. A process of Claim 10, wherein the reaction vessel 
15 is pressurized. 



A process of Claim 10, further comprising sodium 
borohydfide . 



13. A proces^s for producing y-amino cephalosporanic acid 
comprising: combining in a reaction vessel 
2° cephalos|>orin C, a source of D-amino acid oxidase, 

catalase^ a source of deacylase and oxygen under 
conditions sufficient to produce 7-amino 
cephalosporanic acid. 



14. A process of Claim 13, wherein the source of D-amino 
acid oxidase is T. variabilis cells. 
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15. A process of Claim 14, wherein the T. variabilis 
cells are immobilized. 

16. A process of Claim 13, wherein the source of 
deacylase is A. supp . cells. 

17. A process of Claim 16, wherein the A^su££^ cells 
are immobilized. 

18. A process of Claim 13, wherein the conditions 
sufficient to produce 7-amino cephalospor anic acid 
comprise: a temperature of from about 20»C to about 
35»C: a pH of from about 6.5 to about 8.5 and under 
pressure of about 50 psig. 

19. The mutant T. variabilis ATCC 20 931. 

20. The mutant A. spp. ATCC 53891. 
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The linage of improved strain of Trigonopsis variabilis. 

TriaonoDsis variabilis ( DAO 0.1 - 0.5 lU/ml) 



i/ 

TV-c-II 
TV -cc- V 

i' 

TV-ccc-VIl 



0.02% Camphor treatment 

( DAO 0,5 - 0.8 lU /ml) 
0.02% Camphor treatment 

( DAO 0.7 - 1 .0 lU/ml) 
0.02% Camphor treatment 

(DAO 1.2 -1.5 lU/ml) 



NTG treatment 

0.25 mg/ml 

0° C, 40 min. 



1/^ 

TV -CN- 11* 
( DAO. 8 -1 1 lU/ml ) 



NTG treatmerit 

0.25 mg/mi. O^C 

i/ 



40 min. 



TV -CN- II -r 
(DAO 11-14 lU/ml ) 



Sp)ontaneous mu^tion 



TV -CN-II-I-I 
(DAO 15-20 lU/ml) 



NTG treatment 
0.25mg/ml, 

\ 0° C. 40 min. 

TV -CN- 1* 
(DAO.7-10IU/ml) 



V 



NTG treatment 

0.25 mg/ml. 250C, 10 min. 



TV -CN- 1 -r 
(DAO 10-13 lU/ml ) 



/ 

33187 
(DAO 10-14 1 U/ml) 



r 
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